Background. A single-nucleotide polymorphism (SNP; rs12979860) near the IL28B gene has been associated with spontaneous and treatment-induced hepatitis C virus clearance. We investigated predictors of spontaneous disease resolution in a cohort of patients with acute hepatitis C (AHC), analyzing epidemiological, clinical and virological parameters together with IL28B.rs12979860 genotypes and cell-mediated immunity (CMI).
Between 50% and 80% of patients with acute hepatitis C (AHC) progress to chronic infection, which is a major cause of death from liver disease worldwide [1] [2] [3] . Viral and host factors have been associated with self-limiting AHC (spontaneous disease resolution) and an early, vigorous, and broad T-cell response seems critical in favoring hepatitis C virus (HCV) clearance [4] [5] [6] [7] [8] . Immunogenetic factors have also been investigated; the single-nucleotide polymorphism (SNP) rs12979860 near the interleukin 28B (IL28B) gene, encoding the type III interferon (IFN)-λ-3, has recently been associated with spontaneous and treatment-induced HCV clearance [9] [10] [11] [12] [13] [14] . The mechanisms underlying the association between the IL28B.rs12979860 SNP and HCV clearance have not been elucidated and both innate and adaptive immunity could be involved [15] [16] [17] .
Prospective cohort studies on AHC patients offer the opportunity to study in depth the potential viral and host determinants of disease outcome. The identification of reliable predictors of self-limiting AHC is essential to optimize therapy and to avoid costly and useless treatment and vaccine design.
In this prospective cohort study, we evaluated the natural AHC course by analyzing epidemiological, clinical, and virological parameters and the IL28B.rs12979860 SNP.
Because HCV-specific cell-mediated immunity (CMI) was previously measured in a sizeable subset of our patients' cohort [7, 8] , we had the unique opportunity to search for potential correlations between the IL28B.rs12979860 SNP and CMI.
PATIENTS AND METHODS

Study Population
Among patients with suspected AHC referred to 10 infectious disease clinics and 4 drug dependency services scattered throughout Italy during 1999-2005, 93 patients agreed to participate in this study. Fifty-six of them met the criteria to define diagnosis and outcome and were included in the study. The criteria for AHC diagnosis were sudden disease onset in previously healthy individuals, without history of hepatitis; no other cause of acute hepatitis; alanine aminotransferase (ALT) levels >10 times the upper limit of normal; serum HCV RNA positivity; HCV risk factors reported within 6 months before disease onset; evidence of anti-HCV seroconversion (anti-HCV seroconversion after disease onset and/or anti-HCV positivity at disease onset associated with an anti-HCV negative test in the previous 12 months and/or recombinant immunoblot assay [RIBA] seroconversion [increase in the number and intensity of RIBA reactive bands in follow-up sera] [18] ); viral load parameters indicative of AHC (viral load fluctuations >1 log and/ or HCV RNA level <100 000 IU/mL during the first 3-month follow-up [19, 20] ).
Patients were included in the study if they met at least 5 of these criteria, of which at least 1 had to be the evidence of anti-HCV seroconversion or the presence of viral load parameters indicative of AHC. These 2 latter criteria were useful for excluding patients with exacerbation of chronic hepatitis C [18] [19] [20] . Individuals with concomitant immunological disorders or human immunodeficiency virus coinfection were excluded.
Biochemical and virological parameters were examined at disease onset (ie, the first patient visit), then monthly or bimonthly during the first months, quarterly from month 3 to month 12, and every 4 months thereafter until patients withdrew their participation or underwent antiviral therapy. Patients who withdrew or underwent antiviral therapy within 6 months after onset were excluded from the study.
Self-limiting AHC was defined by ALT normalization together with HCV RNA clearance within 6 months from disease onset and until follow-up ended. Two or more consecutive negative HCV RNA measurements, with an interval of at least 6 months between the 2 last negative determinations, were required to confirm self-limiting AHC in patients with <1 year of follow-up. Patients still viremic after 6 months of follow-up, irrespective of ALT, were considered to be persistently infected.
The study protocol conformed to the Helsinki Declaration and was approved by the Ethics Committee of the Istituto Superiore di Sanità.
HCV Testing
Anti-HCV antibodies were tested by Microparticle Enzyme Immunoassay HCV version 3 (AXSYM System, Abbott Diagnostics, Wiesbaden, Germany) and confirmed by second-generation RIBA (Deciscan, Diagnostic Sanofi Pasteur, Marnes-la-Coquette, France).
Until 2007, HCV RNA detection and quantitation were performed as described previously [7] . Thereafter, Abbott RealTime HCV assay (Abbott Molecular, Des Plaines, Illinois) was used.
Genotyping was performed using VERSANT HCV Genotype 2.0 assay (LiPA; Siemens Healthcare Diagnostics, Tarrytown, New York).
Assessment of IL28B.rs12979860 SNP
Nucleic acids extracted from serum or plasma by QIASYNPH-ONY automated system (Qiagen GmbH, Hilden, Germany) were used in the rs12979860 hu IL28B assay (Roche, Applied Science) following the manufacturer's instructions. Genotyping was performed in a blinded fashion relative to AHC outcome. Genotyping results were checked for Hardy-Weinberg equilibrium. T-cell response was measured against 7 peptide pools corresponding to core, NS3 protease, NS3 helicase, NS4, NS5a, and NS5b (divided into pool I and II) antigens and expressed as spot-forming cells (SFC)/10 6 PBMC. Breadth of response was calculated as the median number of peptide pools recognized; total anti-HCV response was calculated by adding up reactivity against the individual peptide pools. 
HCV-Specific T-Cell Response
Statistical Analysis
Mann-Whitney test was used for continuous variables to assess differences between distributions. The χ 2 and Fisher exact tests were used for comparison of frequencies between groups. A P value of .05 was considered significant. To assess independent associations, a multiple logistic regression model was built using stepwise selection technique. Only variables detectable at disease onset and in standard hospital settings were considered in the model. All statistical analyses were performed using Stata software, version 11.
RESULTS
Patients' Clinical Characteristics
Fifty-six patients met the criteria for inclusion in the study ( Table 1 ). All of them fulfilled at least 1 of the 2 criteria useful to exclude patients with exacerbation of chronic hepatitis C. Fifty-four patients had evidence of anti-HCV seroconversion (6 seroconverted after disease onset, 38 had anti-HCV negative tests in the previous 12 months; 41 showed RIBA seroconversion during the follow-up) and 49 patients showed viral load parameters indicative of AHC during the first 3-month followup (36 showed viral load fluctuations >1 log, 49 had HCV RNA levels <100 000 IU/mL).
All patients were symptomatic and 35 had jaundice. RIBA seroconversion was observed in all patients HCV RNA negative at disease onset.
Intravenous drug use was the most frequently reported risk factor, and 3a and 1b were the prevalent HCV genotypes (Table 1) . No significant differences were found regarding clinical and virological characteristics at disease onset among patients with different risk factors or genotypes (data not shown).
IL28B.rs12979860 Genotype Distribution and Clinical Characteristics
IL28B.rs12979860 genotype was determined in 54 patients: 33 had CC, 19 CT, and 2 TT (Table 1) . Table 2 reports the distribution of IL28B.rs12979860 genotypes according to the main clinico-epidemiological characteristics at disease onset. The only significant association was found between ALT levels ≥1000 U/L and CC genotype.
Clinical Outcome
Clinical outcome was determined after a median follow-up of 21 months (Table 1) . Eighteen patients (32.1%) experienced self-limiting AHC. Among them, HCV clearance and ALT normalization within 3 months after onset occurred in 15 (83.3%) and 13 patients (72.2%), respectively. Thirty-eight patients became chronically infected. Only 1 AHC-resolving patient (A26) and 10 persistently infected patients were followed for <1 year. No difference in median follow-up duration was found between patients with different outcomes.
Seventeen of 18 patients with self-limiting AHC (94.4%) showed at least 1 negative HCV RNA test during the first 3-month follow-up, whereas the same was observed in only 36.8% (14/38) of chronically evolving patients (P < .0001). A similar figure was obtained analyzing the first month of followup (9/18 vs 4/38, respectively; P = .002).
Four patients were HCV RNA negative at disease onset (2 with self-limiting AHC): 3 became viremic some weeks later and 1 remained negative until follow-up ended.
Concerning the clinico-epidemiological features at disease presentation (Table 1) , self-limiting AHC was significantly associated with female sex, older age, and higher median peak bilirubin level. In addition, AHC-resolving patients showed ALT levels ≥1000 U/L and total bilirubin levels ≥7 mg/dL significantly more often than persistently infected patients. No significant differences were observed between these 2 groups as concerned the other clinical and virological characteristics.
Clinical Outcome and IL28B.rs12979860 Genotype Seventeen of 54 patients tested for IL28B.rs12979860 spontaneously resolved AHC. Patients carrying the C allele or CC genotype achieved AHC resolution significantly more often than those with the T allele or non-CC genotype (Table 1 ). Figure 1 shows the effects of IL28B.rs12979860 genotype on the association between self-limiting AHC and some dichotomous variables at disease presentation. Approximately 67% of CC females and 29% of CC males resolved AHC, whereas only 20% of non-CC females and 12.5% of non-CC males did the same. Similar correlations were found between CC genotype and all other clinical characteristics examined, which, when present in CC patients, increased the probability of self-limiting AHC and, when absent in non-CC patients, nullified the chance of achieving AHC resolution.
Multivariate Analysis
After multivariate analysis, CC genotype was the only independent predictor of AHC resolution. CC patients were 5.3 times more likely to resolve AHC than non-CC patients (Table 3) . Relation Between IL28B.rs12979860 Genotype, CMI, and AHC Outcome
Thirty-one AHC patients (9 resolving and 22 chronically evolving) were analysed for HCV-specific CMI (Table 4 ) [7] . Among them, 16 were CC and 15 CT. Twelve of 31 patients always showed a negative CMI, whereas 19 patients scored CMI positive at T0-T1; 10 patients maintained a positive T-cell response at T6, and only 5 patients scored positive at T12-T24 (Table 4 and Figure 2 ). Also the strength and breadth of CMI decreased over time, especially among chronically infected patients ( Figure 2) . Irrespective of IL28B.rs12979860 genotype, AHC-resolving patients always showed higher frequency, breadth, and strength of positive CMI than persistently infected patients. Significant differences in frequency, breadth and strength were detected at T12-T24 (4/8 vs 1/18; P = .0179; Table 3 18-670], respectively; P = .02), respectively. Irrespective of disease outcome, CC patients always displayed higher frequency, breadth, and strength of positive CMI than did CT patients, although these differences were not significant. However, analyzing separately every possible combination between outcome, IL28B.rs12979860 genotype and CMI, we found a significant association between CT genotype and negative CMI in persistently infected patients at T0-T1 (2/10 and 8/ 12 in CC and CT patients, respectively; P = .043) and between persistent infection and negative CMI in CT patients at T12-T24 (negative CMI, 11/11 vs 1/3, in chronically infected and resolving patients, respectively; P = .033). A broader and stronger CMI in CC patients was particularly evident when CC-resolving patients were compared to persistently infected CT patients. In fact, at T0-T1 the median number of targeted peptide pools was significantly higher in the former group than in the latter one (5.5 [range, [3] [4] [5] [6] Abbreviations: ALT, alanine aminotransferase; HCV, hepatitis C virus; ULN, upper limit of normal. a Evidence of anti-HCV seroconversion included anti-HCV seroconversion after disease onset and/or anti-HCV positivity at disease onset associated with a documented anti-HCV-negative test in the previous 12 months and/or recombinant immunoblot assay seroconversion. b Viral load parameters indicative of acute HCV infection included detection of viral load fluctuations >1 log and/or HCV RNA levels <100 000 IU/mL within 3 months from disease onset. c CC versus non-CC. Overall, and irrespective of IL28B.rs12979860 genotype and AHC outcome, no significant differences were found in the ability to mount a specific CMI among patients harboring different HCV genotypes at any time point.
DISCUSSION
Standardized and stringent definitions for AHC diagnosis and outcome are essential for a reliable estimation of the rate of selflimiting AHC and for a nonbiased identification of its determinants [2, 3, 21] . In this study we adopted the best diagnostic criteria to exclude patients with exacerbation of chronic hepatitis C [18] [19] [20] and a more stringent definition of self-limiting AHC compared to many other studies [2] . In addition, the median follow-up duration for our AHC-resolving patients was 24 months and only 1 of them (A26) was followed for <1 year.
In our study, the rate of self-limiting AHC compares to that of previous studies on symptomatic patients [1-3, 7, 13, 22-24] . A high proportion (83.3%) of our AHC-resolving patients cleared HCV during the first 3-month follow-up period, as reported by others [1, 2, [22] [23] [24] . Furthermore, the detection of at least 1 negative HCV RNA test during the first 3-month followup period was significantly associated with self-limiting AHC.
In univariate analysis, self-limiting AHC was significantly associated with CC genotype, female sex, older age, higher median peak total bilirubin level, high ALT level (≥1000 U/L), and/or total bilirubin levels (≥7 mg/dL) at disease onset. Unlike other studies, in our study no association was found between Figure 2 . Analysis of the magnitude and breadth of the T-cell response in subjects with acute self-limiting infection (A-C ) and subjects with chronic evolution (D-F). Peripheral blood mononuclear cell (PBMC) samples were tested by interferon-γ enzyme-linked immunospot assay (ELISpot) at 3 representative time points after disease onset (0-1 month, A and D; 6 months, B and E ); between 12 and 24 months (C and F ) against 7 peptide pools corresponding to core, NS3 protease, NS3 helicase, NS4, NS5a, and NS5b ( pool I and II) antigens. To simplify, only responses above the threshold are shown. For all remaining subjects, ELISpot responses were negative at all time points tested. Numbers represent spot-forming cells per10 6 PBMCs. For each patient, IL28B genotype is reported. Abbreviations: NT, not tested; PBMC, peripheral blood mononuclear cell; SFC, spot-forming cell; SNP, single-nucleotide polymorphism.
AHC resolution and presence of jaundice at disease onset [1, 2, 11, 22, 23] , probably because 62.5% of our symptomatic patients were jaundiced, whereas a marked elevation of biochemical parameters was likely a more accurate marker of strong antiviral immune response and disease resolution in our study cohort [11, 12] . The association between female sex and selflimiting AHC remains still unexplained [2, 13] . The Toll-like receptor 7, involved in recognition of viral products and activation of innate immunity, might underlie this association, as its stimulation determines higher IFN-α responses in females compared to males [25] . Finally, the association of self-limiting AHC with older age was already observed among Italian patients [26] , whereas other studies reported an association with younger age or no association at all [1] [2] [3] .
After multivariate analysis, only CC genotype was independently associated with self-limiting AHC, whereas only marginally significant associations were found for the other variables. However, the limited sample size might have negatively influenced the accuracy of this analysis, besides precluding reliable assessment of possible interactions between variables.
CC genotype increased the chance of self-limiting AHC in female patients and in those with marked elevations of biochemical parameters at onset. These findings help to outline the hypothetical profile of patients fated to different outcomes. For instance, a non-CC male patient, younger than 45 years, with low ALT and/or low bilirubin levels is unlikely to resolve AHC. Therefore, knowledge of host IL28B.rs12979860 genotype may help management of treatment. Currently, a 3-month observational period is recommended before starting AHC treatment, irrespective of symptoms [3, 27, 28] . However, some concerns exist on whether the delay in starting treatment may reduce response to therapy [22, [27] [28] [29] [30] . Non-CC patients with the most unfavorable profile could be the best candidates for immediate treatment.
In our study, marked elevations of biochemical parameters were shown to be associated with both CC genotype and selflimiting AHC. This may suggest that CC patients are able to mount a more vigorous and effective immune response to HCV, leading to a more efficient clearance of infected hepatocytes, but also to a more severe liver injury.Type III IFNs can directly inhibit replication of most viruses, including HCV, and therefore may play an important role in innate immunity [15] [16] [17] . However, several studies have also demonstrated that type III IFNs are involved in both the regulation and development of adaptive immunity [15] [16] [17] . Under this respect, our study offers the unique opportunity to search for possible correlations between IL28B.rs12979860 genotype and HCV-specific CMI in influencing AHC outcome in humans.
We provided some evidence in favor of a correlation between IL28B.rs12979860 genotype and HCV-specific CMI, although the results were limited to a subset of patients, without exploring the full spectrum of CMI. In addition, these preliminary results suggest that CMI may possibly contribute to HCV clearance in CC patients. Even in persistently infected patients, those with CC genotype showed a significant broader CMI than CT patients. Thus, IL28B.rs12979860 genotype likely plays an important but not exclusive role, and a complex interplay exists between antiviral innate and adaptive immunity on one side, and host genetic factors on the other.
In this study, no significant differences were found in HCV genotype distribution with respect to the different clinical, immunological, and immunogenetic parameters analyzed. Other authors reported the associations between the IL28B SNP and some HCV genotypes [31, 32] were able to influence the response to antiviral therapy in chronic hepatitis patients [31] . However, these associations were not found for AHC patients [32] . We cannot completely exclude that the lack of associations between the IL28B SNP and HCV genotypes in our study was due to the limited sample size. Similar associations, if present, could bias the correlation between IL28B genotype, CMI, and outcome.
Our study has several limitations, the first of which is a limited statistical power, due to the small sample size. This is mainly due to the low incidence of AHC that often occurs in difficult to manage subjects. In addition, all patients were symptomatic; thus, they do not represent the overall spectrum of disease (mostly asymptomatic), and are more likely to clear HCV. Indeed, diagnosis of asymptomatic AHC is usually incidental or requires screening in people at risk for HCV; additionally, even some risk factors (eg, intravenous drug use, nosocomial exposure) have been associated with AHC resolution [33, 34] . The vast majority of our AHC patients (82%) were recruited from infectious diseases clinics and virtually all of them were symptomatic as asymptomatic infections are usually unrecognized in everyday clinical practice. Finally, we were unable to determine the contamination time in most, if not in all cases. This might be especially relevant for immunological investigation.
Despite the fact that our patients were recruited during 1999-2005, their clinico-epidemiological characteristics do not substantially differ from those of cases of symptomatic AHC notified to the Italian surveillance system in recent years [35] ; thus, they are also representative of the current population of acutely HCV-infected patients.
In conclusion, our findings indicate that patients with symptomatic AHC have a high rate of spontaneous resolution that is independently associated with CC genotype. Furthermore, we provided for the first time evidence of a relationship between the IL28B.rs12979860 SNP, CMI, and AHC outcome, which warrants confirmation in larger prospective studies.
Notes
Other members of the Acute Hepatitis C Italian Study Group. Salvatore Buonocore, Gennaro Lettieri, Paola Pierri (Department of Infectious
